ight Center 
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•Promote international and commercial participation to further U.S. 
scientific, security, and economic interests. 
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- Radiation shielding for the crew either in transit or in conjunction with habitat] 

- Maintainable advanced life support for long duration missions 

- Human factors considerations including use of tele-robotic operations 
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Additional potential for crew injuries requires new medical techniques 

As the distance between Mission location and Earth increases, risk 
increases, and advanced tool suite will help mitigate some of these 
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• Silicon 

• Iron, aluminum, titanium 

• Glass/Ceramics 
Recycling 
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Silicon 25% 



195 ppm Hf 7.77 ppm Re 1 .36 ppb Zn 23.4 ppm 

2.63 ppm Hg 0.019 ppm Rh 0.192 ppm Zr 311 ppm 
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Electrodynamic Tethers Tethers 




Power Source 
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Approximate ranges of application of different power sources. 





• Biological Fabricators - Medical Products 
• Biological Fabricators - Bioplotter (Tissue Printing) 
Trade Study - Recommendation For Biological Fabricator 

• Fabrication Systems Gaps 
Fabrication Technology Performance Validation Test Plan 
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Invasive: pins, plates, stints, catheters, sutures, surgical tools and dental 
instruments, adhesives for tissue binding and affixing implants 

Non-invasive: casts, orthodics, tubes, syringes, gloves 

Dental: fillings, crowns, bridges, dental cement 

Print viable human tissue on hydrogel or collagen scaffolds 


Fabrication Trade Study - Applications 

Composites 
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Cold Forming Various Techniques for Working Ambient Materials 

Die Casting Various Techniques for Materials Casting 

Hot Forming Various Techniques for Working Heated Materials 
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available hybrid units with integral CNC 

- Investigate groupings of integral multiple end-effectors arrangement or of 
interchangeable end-effectors 
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• Separation of Electronics and Biological Tissue Fabrication Is 
Assumed Due to Feature Size Differences and Contamination Control 
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- Examine range of feature sizes from interconnects to components 

- Examine range of component types (resistors, inductors, 
transistors, etc.) 
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Micrograph of Printed Heart Tissue Pa 9 e: 
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The effort to standardize the output of these machines for designers 
to utilize will be an intensive effort. 
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produce functional part with advanced 
features. 
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- Ceramic/Composite Parts per -- Metallic parts per ASTM E8 (pull rates) 

ISO 15733 -- Test specimens per ASTM E8 

- Results will include Tensile -- Results will include Tensile Strength 

Strength and % elongation and % elongation 





+2 

c & 

o -g 

Q. iS 

<S co 
« > 
■o w 

c 

is 

E § 


i ° 


O 

(/> • 


O o 

&• 
X (/) 
0 — 

c 2 

CO CO 

O Q 





Simple Gear 
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Maximum Extension point: 173 Maximum Extension: 





• This structure may replace a catalyst bed of pelletized 
clay and zeolite. 





NDE, QA, and Safety Inspection & 
Troubleshooting Technology Gaps 
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-Glass/Ceramics -25 to 2,500° F service temperatures 
Shelf Life 6 months minimum 
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Unknown Environmental effects 

- Microgravity, low-g, and other pressurized/depressurized environmental 
material behavior - Adhesive/amalgam application/distribution methods 

- Curing requirements - Viscosity requirements - Material strength 
modification/derating by void content, porosity, and other factors. 
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Compatibility Repair is 100% compatible with base material 

Electrical Functional per baseline design 

Operating Life MTBF per baseline design 

Process Availability Crew utilization from tool suite 
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* Higher wattage tool needed; to meet repair requirement 
(approximately 100 W), and possible variable power settings 
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Telemetry Data capable of downlink to ground for analysis 

Defect Detection Equivalent to current techniques used in the 

aerospace industry 

Process Availability Crew utilization from tool suite 
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electronic equipment checkout 

Oscilloscopes, power supplies, and other ‘standard’ test 
instruments 
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millimeter wave 

Coatings may affect results Thermography 

Robotic NDE capability All technologies 






















• Habitat Structures - Glass Products 
• Habitat Structures - Fabrication Challenges 
Habitat Structures - Near-Term Development Activities 
• Habitat Structures - Potential Tests Requiring 

Cryogenics Test Bed 
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Present a psychologically/ergonomically compatible living environment for 
the crew 
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Reinforced 

Concrete 
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Inflatable Concrete 
Structures 
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Reinforced Concrete 

• Extruded in place vs. pre-cast, pre-stressed 

• Steel vs. glass rod reinforcement 

' Water-based vs. waterless concrete 

• Hermeticity 
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Definition of technology exit criteria 
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